Abstract. We quantified differences in trabecular volumetric bone mineral density (BMD) of the femoral head between patients with proximal femoral fractures and healthy subjects in the control group by using quantitative computed tomography (QCT) with the purpose of providing guidance for the choice of head screw in the intramedullary nail fixation. Participants suffering from intertrochanteric fractures (n=536 patients) were recruited. In addition, 497 fracture-free, age-matched cases were considered as the control group. The volumetric BMD of different regions of interest (ROI) in the proximal femur scanned by QCT were analyzed between the fracture and control groups. BMD of proximal femur in the fracture group was markedly lower than that in the control group. There were significant differences at distinct regions for male and female between the two groups. Furthermore, the trend of BMD changes among the femoral head, femoral neck and intertrochanter were not parallels in terms of their average value. In conclusion, osteoporosis has been demonstrated to be a main risk factor of the proximal femoral fracture. BMD value of proximal femur was often inconsistent with that of femoral head. Given this, preoperative QCT assessment plays an important role in choosing proper head screw in the intramedullary nail fixation.
Introduction
Hip fractures are among the most important health problems in the elderly. Intertrochanteric fracture constitutes one of the most common fractures of the hip, occurring mainly in elderly people with osteoporosis (1, 2) . With ageing, it is estimated that the number of hip fractures will still increse in the population. The aim of surgical treatment for the intertrochanteric fracture is the reduction and stable fixation of the fracture in order to recover the ability of immediate mobilization. Early mobilization could reduce the incidence of fatal complications for the elderly. Intramedullary nail is currently widely used in the treatment of unstable fractures, including proximal femoral nail antirotation (PFNA) and Gamma nail (3) (4) (5) . For the choice of the head screw in the intramedullary nail fixation, the bone quality of femoral head is critically important. The lag screw of Gamma nail can exert compression effect at the fracture site. It requires good bone quality of femoral head to provide a sufficient gripping force. Spiral blade of PFNA can increase the bone density during hammering in the femoral head and it is more suitable for serious bone loss of the femoral head in the osteoporosis patients. The bone quality of femoral head is essential for the choice of head screw and better choice can decrease the risk of head screw cutting out and pulling out.
It has been widely reported that the dual-energy X-ray absorptiometry (DXA) and the quantitative computed tomography (QCT) were used to assess the bone mineral density (BMD) of femoral neck and intertrochanteric. DXA is generally used in clinical work to measure areal BMD at the proximal femur for the diagnosis of osteoporosis (6, 7) . Although DXA is widely used to evaluate BMD in clinical practice, it is well known that the method of DXA is inadequate for accurate estimation of bone mass. Spatial accuracy in measuring BMD and morphologic parameters of the proximal femur by using DXA is limited, because the DXA provides only plane 2-D images. Furthermore, due to the sheltering of acetabular, DXA cannot assess the accurate bone mass of femoral head. Unlike DXA image, the QCT can provide the reconstruct true three-dimensional images for measuring true morphologic features and BMD of trabecular bone of the femoral head (8) (9) (10) (11) . In this study, we aimed to quantify differences in trabecular BMD of the femoral head between patients with proximal femoral fractures and healthy subjects in the control group by using QCT and the conclusion may provide some guidance for the choice of head screw in the intramedullary nail fixation. CT scan acquisition. The subjects were scanned by using a multidetector CT scanner (LightSpeed CT; GE Medical Systems, Fairfield, CT, USA) with standard protocol scanning from the iliac crest to the knee. Scanning parameters were 120 kVp, 350 mA, slice thickness was 2.5 mm, and 512x512 matrix in a spiral reconstruction mode with a 36-cm field of view.
Materials and methods

Patients
Image processing. We measured volumetric BMD (g/cm 3 ) using commercial software (QCT Pro; Mindways Software, Inc., San Francisco, CA, USA) at the proximal femur. A midcoronal multi-planar reconstruction (MPR) view of the uninjured contralateral proximal femur in the fracture group, and of the bilateral proximal femur in the control group was reconstructed using commercially available image analysis software (Virtual Place-M; Medical Imaging Laboratory, Tokyo, Japan). Trabecular BMD in the region of interest (ROI) was measured by tracing the trabecular region.
We used in-house software developed using the Visualization Toolkit (VTK 5.6; Kitware Inc., Clifton Park, NY, USA) to calibrate the CT-measured density values based on the calibration phantom and rescaled the images using cubic interpolation to 1.0-mm isotropic voxels.
Determination of ROI.
CT images were used to determine the ROI in the proximal femur. Femural head was divided into three parts: Proximal, middle and distal femoral head. Fig. 1 shows: line a, femoral neck axis through the femoral head center; line b, tangent to the femoral head and perpendicular to the line a along with intersection of point A; line c, the boundary of femoral head and femoral neck; line d, midline of femoral neck; and line e, midline of intertrochanter. Five regions in different color in Fig. 1 represent five ROI of proximal, middle and distal femoral head, femoral neck and intertrochanter. BMD of femoral head was the mean values of proximal, middle and distal femoral head. Each area included nine slices for the CT images.
Statistical analysis.
Comparisons of the two data sets were analyzed by t-test, and data with more than two variables were analyzed by two-way repeated measure-ANOVA with Tukey's post hoc test analysis. All data are plotted as the mean ± standard error.
Results
No significant difference existed in the age between the two groups (P>0.05) ( Table I) . For control group, results showed no marked difference of BMD between left and right proximal femur for all regions (P>0.05). However, BMD in different ROIs was significantly different. Results revealed that BMD of femoral head was remarkably larger than that of femoral neck and intertrochanter in the control group (Table II) .
Further, we compared BMD between the two groups in different ROIs and found that BMD of proximal femur in the fracture group was obviously lower than that in the control group (P<0.05) (Table III) . Furthermore, the BMD differences at distinct regions for male and female were statistically significant between two groups (Tables IV and V) . The BMD of proximal femoral head was higher than other two parts of the head, but not statistically significant in the control group (P>0.05). However, in the fracture group, the BMD of proximal femoral head was significantly lower than the distal part of the head (P<0.05) (Fig. 2) .
For some subjects in the two groups, we found that the trend of BMD changes among the femoral head, femoral neck and intertrochanter were not parallels in terms of their average value. In the control group, there were 81 male and 51 female (Table VI) .
Discussion
This study was aimed at quantifying the differences in trabecular BMD among the femoral head, neck and intertrochanteric for the healthy subjects in the control group and patients in the fracture group by using quantitative computed tomography to provide some guidance for the choice of head screw in the intramedullary nail fixation. In the literature, it has been reported that helical blade behaves differently to a screw in the femoral head. Both screw systems (SHS and Gamma 3) and helical blades (PFNA and trochanteric fixation nail (TFN) are, respectively, suitable for different populations. A biomechanical study has shown that the blade device is more prone to cutout by comparing threaded screw with helical blade constructs in a model of pertrochanteric fracture fixation using polyurethane femoral heads. The main reason described was that the blade device presents a lesser contact surface to the cancellous bone in the axial direction due to its shape of helical blade. Furthermore, they reported an axial contact surface of 75 mm 2 for the PFNA blade and 300 mm 2 for the Gamma 3 screw (12). Xu et al found no cut-out in the Gamma and PFNA groups, but in their study, the femoral head condition was not described (13) . It has been reported that the initiating factors of mechanical failure in femoral cutout include the position of screw or blade, quality of bone and inappropriate rehabilitation (14, 15) . It has been reported that both screw systems and helical blades Figure 2 . Comparison of different femoral head regions for subjects in the two groups. The BMD of proximal femoral head was higher than the other two parts of the head, but not statistically significant in the control group; in the fracture group, the BMD of proximal femoral head was significantly lower than the distal part of the head. BMD, bone mineral density. * P<0.05.
Table VI. BMD of proximal femur and femoral head are not parallels.
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Fracture fail if the screw or blade was not optimally positioned, and thus that the center-center position in the head of femur of any kind of lag screw or blade is to be achieved to minimize rotation of the femoral head and to prevent further mechanical complications (16) (17) (18) (19) . For the choice of the head screw in the intramedullary nail fixation, the bone quality of femoral head is critically important. The lag screw requires good bone quality of femoral head, and high density bone to provide a sufficient gripping force (5, 20, 21) . On the contrary, the spiral blade of PFNA is more suitable for serious bone loss of the femoral head in the osteoporosis patients. The main reason is that it can increase the bone density during hammering in the femoral head (3, 4) . Thus, the bone quality of femoral head is essential for the choice of head screw and a better choice can decrease the risk of head screw cutting out and pulling out.
In our study, we showed that the BMD of hip for male are greater than that for females, and therefore evaluation of BMD values after dividing subjects into male and female groups would be preferable (22, 23) . It has been reported that the BMD of elderly was smaller than that of young by QCT and DXA due to osteoporosis, metabolism and hormone (23) (24) (25) . Thus, this study was an age-matched study in order to avoid the impact of age factor on the BMD of hip, and there was no significant difference in the age between control and fracture groups. There was significant difference in the proximal femoral BMD between the control and fracture groups. It illustrated that osteoporosis was an independent factor for the hip fracture and was consistent with previous studies (26, 27) .
There is no perfect method for assessment of bone quality of femoral head. Lack of theoretical basis for the choice of head screw in the intramedullary nail fixation is an important issue to be solved in the clinical practice (28) . It has been reported that QCT has become a useful research tool for analyzing hip geometry and measuring BMD (29) (30) (31) . However, it has not yet been widely used in clinical practice (27, 32) . We believe that the QCT can provide the reconstructed true three-dimensional images for measuring true morphologic features and BMD of trabecular bone of the femoral head, which was not influenced by the bone overlapping around the femoral head by the 2-D images such as DAX (30, 31, 33) . Furthermore, QCT as an important preoperative assessment can provide better guidance for the choice of head screw in the intramedullary nail fixation.
There are some limitations to our findings. First, the measured BMD was of the hip not on the fractured side, but on the contralateral side. However, we have compared the sides in the control group. Thus, the BMD of the proximal femur on both sides generally are considered similar in this study. Second, the results of our study cannot be used to identify risk factors for hip fractures, because the relationship between BMD and mechanical feature of the hip remains unclear. Thirdly, the range of normal value in the healthy population did not result from large number of samples. Thus, further research of expanding the normal sample size is in progress.
In conclusion, osteoporosis is a risk factor for the proximal femoral fracture, and the BMD of proximal femoral head could not alone represent the femoral head. Thus, the preoperative QCT assessment of femoral head is indispensable option for the assessment of femoral head bone loss and it may provide some guidance for the choice of head screw in the intramedullary nail fixation.
